Supplementary Section 1. Experimental Methods A. Materials B. Synthesis of core NaYF4: 30 mol % Yb 3+ , 0.2 mol % Tm 3+ nanoparticles (NaYF4:Yb 3+ /Tm 3+ ). C. Synthesis of core-shell NaYF4: 30 mol % Yb 3+ , 0.2 mol % Tm 3+ @ NaYF4 nanoparticles (NaYF4:Yb 3+ /Tm 3+ @NaYF4). D. Synthesis of NaYF4: 20 mol % Yb 3+ , 0.2 mol % Tm 3+ , 30 mol % Gd 3+ upconversion nanorods (UCNRs). E. Characterization of upconversion nanomaterials. F. Generation of PLGA-UCNP hybrid scaffolds. G. Neuronal culture. H. Lentivirus packaging and infection of neuronal cultures. I. Optical stimulation of neuronal cultures. J. Electrophysiology. K. Scanning electron microscopy.
. Absorbance spectrum of UCNPs. Figure S2 . Measuring luminescence of polymer-UCNP hybrid scaffolds under near-infrared light (NIR) excitation. Figure S3 . Relationship between NIR light intensity and emitted blue light. Figure S4 . Scanning electron microscopy (SEM) of hybrid scaffolds with varying concentration of UCNPs. Figure S5 . Atomic force microscopy (AFM) images of hybrid scaffolds with varying concentration of UCNPs. Figure S6 . UCNP loading-dependent emission output from hybrid scaffolds. Figure S7 . Large-scale scanning electron microscopy (SEM) image of cultured ChR2-infected neurons. Figure S8 . Biocompatibility of hybrid scaffolds. Figure S9 . Experimental setup for optical stimulation of neuronal cultures. Figure S10 . Fluorescence emission rise time of UCNPs. Figure S11 . Stimulation with higher frequency of 980-nm light. Figure S12 . Lack of NIR light response of ChR2-infected neurons cultured on PLGA substrates (w/o UCNPs). Figure S13 . Lack of NIR light response of non-infected neurons cultured on hybrid PLGA-UCNP substrates. Figure S14 . Characterization of blue-emitting upconversion nanorods (UCNRs). Figure S15 . Encapsulation of UCNRs in PLGA films and culture of hippocampal neurons. Figure S16 . Inconsistent NIR-light response of ChR2-expressing neurons grown on PLGA-UCNR substrates. Figure S17 . Generation of spikelets using longer NIR pulse duration. Figure S18 . Comparison of UCNP-and UCNR-embedded PLGA films. Y(CH3CO2)3 * xH2O (1.396mmol), (YbCH3CO2)3 * xH2O(0.6mmol), and Tm(CH3CO2)3 * xH2O(0.004mmol) were added to a 100-mL flask containing 12 mL of oleic acid and 30 mL of 1octadecene. The mixture was heated to 130 o C for 30 min under vacuum to form the lanthanide-oleate complexes and remove water. Then, the solution was cooled down to 50 o C under argon. Afterwards, 10 mL of a methanol solution containing 8 mmol of NH4F and 5mmol of NaOH was injected into the solution and held at this temperature for 30 minutes. Then, after the evaporation of methanol, the solution was heated to 300 o C under argon for 90 minutes and cooled down to room temperature. The resulting nanoparticles were precipitated by the addition of ethanol, and collected by centrifugation at 6,000 rpm for 7 minutes. This wash was repeated several times, before redispersing the final product in 10 mL of hexanes.
C. Synthesis of core-shell NaYF4: 30 mol % Yb 3+ , 0.2 mol % Tm 3+ @ NaYF4 upconversion nanoparticles (UCNPs) (NaYF4:Yb 3+ /Tm 3+ @NaYF4). Y(CH3CO2)3 * xH2O (1.8mmol) was added to a 100-mL flask containing 12mL of oleic acid and 30 mL of 1-octadecene. The mixture was heated to 130 o C for 30 min under vacuum to form the lanthanide-oleate complexes and remove water.
The solution was cooled down to 80 o C under argon, and the hexane dispersion of β-NaYF4:Yb/Tm (30/0.2%) was injected into the solution. The resulting reaction mixture was heated to 90 o C to remove hexanes. Then, the solution was cooled down to 50 o C under argon. Afterwards, 10 mL of a S4 methanol solution containing 7.2 mmol of NH4F and 4.5 mmol of NaOH was injected into the solution and held at this temperature for 30 minutes. Then, after the evaporation of methanol, the solution was heated to 300 o C under argon for 90 minutes and cooled down to room temperature. The resulting nanoparticles were precipitated by the addition of ethanol, and collected by centrifugation at 6,000 rpm for 7 minutes. This wash was repeated several times, before redispersing the final product in 10 mL of hexanes. images were obtained on a Phillips CM12 operating at 80kV. Samples were prepared by dropcasting a 1 wt% solution of the as-synthesized UCNPs onto carbon-coated copper TEM grids. Powder X-ray diffraction (PXRD) patterns were recorded on a Rigaku Ultima IV X-ray diffractometer, using Cu Kα radiation (λ = 1.5406 Å). A graphite monochromator was used and the generator power settings were set to 40 kV and 44 mA. Data were collected between 2θ of 10-70° with a step size of 0.02° and a scan speed of 1.5 deg/min. Time-resolved upconversion fluorescence of UCNP were collected on a S5 Edinburgh FLS920 fluorescence spectrometer with a external continuous 980-nm NIR LED laser diode (1.5 W), which was coupled with a chopper to modulate the excitation into pulse mode. 
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